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Abstract 
Europe relies on reliable and robust knowledge on materials stocks and flows to promote 
innovation along the entire value chain of raw materials. The EU criticality assessment 
examines, every three years, issues of supply risk and economic importance of a number 
of non-food and non-energy candidate materials from the perspective of the European 
Union. The most recent criticality assessment was published in 20171. The data collected 
during this assessment provide a good basis for further visualizations of material supply 
chains and structuring additional information in the form of material and country 
factsheets in the EU’s Raw Materials Information System (RMIS). 
The RMIS supports the need for a European Raw Materials Knowledge Base (EURMKB), 
as highlighted in Action area no. II.8 of the 2013 Strategic Implementation Plan (SIP) for 
the European Innovation Partnership (EIP) on Raw Materials2 and a specific action of the 
Circular Economy Communication3 of the European Commission (EC). The RMIS aims at 
providing EU level data and information on non-food, non-energy materials (e.g., 
metals, industrial and construction materials, biomass) from primary and secondary 
sources in a harmonized and standardized way, also considering that supply chains are 
generally global. It acts as a core to the EU Knowledge Base, facilitating the availability 
of data and information in a coordinated manner. 
This study uses the existing datasets from the 2017 EU criticality assessment to visualize 
74 material supply chains and shows interconnections between them. Firstly, the data 
sets are rearranged into a simple graph with nodes representing the countries, 
materials, product applications, and sectors involved in materials supply and use. The 
weighted edges (links) represent relationships between them, i.e., the production of 
materials by countries and the flow of materials into product applications and 
subsequent economic sectors. Secondly, because mapping the critical raw materials data 
considers the links between countries, materials, product applications, and sectors, the 
resulting graphs can also be analysed using network statistics (based on their 
connectivity). For this, degree centrality (a count of the number of incoming or outgoing 
links of a node) is used to highlight more interconnected nodes (“key actors”) in the 
supply and use of materials. This allows, e.g., detection of countries providing a large 
number of different (raw) materials4, materials finding widespread downstream uses, or 
product applications relying on a large number of materials. 
Results show that arranging data according to the proposed data structure provides a 
simple, yet powerful, tool to map supply chains for 74 materials with only minor 
adjustments to the existing data sets necessary. The resulting graphs can be readily 
integrated into the RMIS to provide users with insights into the origin (countries) of 
materials and their downstream flows into product applications and economic sectors. 
Furthermore, overlaying multiple material supply chains with each other allows the 
visualization of interconnections between materials supply chains and to view the 
network from the perspective of individual nodes (e.g., a sector).   
For example, looking at the overall supply chain network (combining all 74 individual 
supply chains into one network) shows key countries5 in the provision of different raw 
                                           
1 http://ec.europa.eu/growth/sectors/raw-materials/specific-interest/critical_en  
2  https://ec.europa.eu/growth/tools-databases/eip-raw-materials/en/content/strategic-implementation-plan-
sip-0   
3 COM(2015) 614 final (http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A52014DC0398) 
4 Information on the connectivity can be combined with the edge weights to also show the production share by 
which different countries supply specific materials or the flow magnitude of materials through the supply 
chains. 
5 A “key country” is here defined as one with a large number of outgoing links (out-degree centrality) which is 
an indication of the number of raw materials provided to the economy. In addition, edge weights reflect the 
production share by which different countries supply a specific material. 
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materials including China, Russia, Brazil, Canada, the USA, and Australia. Materials 
finding widespread use in the EU economy6 around 2014 (year for which data in the 
2017 EU CRM assessment were collected) include, for example, crude steel (iron) and 
several alloying elements (e.g., manganese, vanadium, nickel, molybdenum, and 
cobalt), bulk materials (e.g., bauxite and copper), rare earth elements, industrial 
minerals (e.g., limestone, talc, bentonite, and borates), and a variety of specialty metals 
(e.g., platinum, rhodium, silver, indium, and tantalum).  
Materials are subsequently used in a large variety of product applications. Products that 
rely on a large number of material inputs7 include, e.g. chemical products, catalyst, 
alloys, metal products, batteries, magnets, lighting equipment, ceramics, glass, 
automotive parts, superalloys, and steels. Here the number of materials used can 
provide a first measure of product complexity. Finally, sectors8 depending on a large 
variety of products (and hence raw materials) include, for instance, basic metals 
manufacturing, computer & electronics & optical products manufacturing, fabricated 
metal products manufacturing, chemical products manufacturing, non-metallic mineral 
products manufacturing, and others. Removing any of the highly interlinked nodes of the 
network (e.g., due to a supply restriction, strike, etc.) could have a larger impact on the 
overall supply chain than if a less interconnected node is removed. 
                                           
6 Increasing materials use diversity downstream is reflected by an increasing number of outgoing links (out-
degree centrality). 
7  For product applications, the number of material required (in-degree) as an indicator of raw materials 
dependency. 
8 NACE-2 sectors according to the 2017 EU criticality assessment. In-degree quantifies the reliance on an 
increasing number of product applications and therefore raw materials. 
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Data visualization of the 75 supply chains of the 2017 CRM assessment 
In conclusion, the raw materials production processes and subsequently manufactured 
semi-finished and finished products are linked together via interdependent networks and 
should therefore not be considered in isolation. This is important for policymakers to 
keep in mind, as it highlights how small regulatory changes can have an impact far 
beyond the element or process that was being targeted. The supply chain viewer 
application can help to visualize this fact with using already existing data collected by the 
Commission. 
The report concludes with ideas on how the data and visualization examples could be 
further integrated into the RMIS supply chain viewer during 2018. 
 
Keywords: EU Critical Raw Materials Assessment, Data Visualizations, Network Analysis, 
EU Raw Materials Information System.  
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1 Introduction 
 
1.1 Monitoring of Raw Materials in the EU 
Raw materials are at the origin of all value chains. While a century ago, the diversity of 
raw materials was limited to perhaps a dozen in common applications such as 
infrastructure and durable goods, today’s technologies utilize virtually the entire periodic 
table. At the same time, increasing product complexity, outsourcing, and globalization 
have resulted in increasingly complex and dynamic supply chains that are difficult to 
understand and control.  
Europe relies on reliable and robust knowledge on materials stocks and flows to promote 
innovation along the entire value chain of raw materials (EC, 2012a). The European 
Commission (EC) promotes better monitoring of raw materials through their full supply 
chain (i.e., from resource extraction to materials processing to manufacturing and 
fabrication to use and then to collection, processing and disposal) through a variety of 
activities. For example, the EU Raw Materials Information System (RMIS) supports the 
need for a European Raw Materials Knowledge Base (EURMKB), as highlighted in Action 
area no. II.8 of the 2013 Strategic Implementation Plan (SIP) for the European 
Innovation Partnership (EIP) on Raw Materials (EC, 2008, 2012b) and a specific action of 
the Circular Economy Communication of the EC (EC, 2017a). The RMIS aims at providing 
EU level data and information on non-energy, non-food materials (e.g., metals, 
industrial and construction materials, and biomass for materials purposes) from primary 
and secondary sources in a harmonized and standardized way and considering that 
supply chains are generally global. It acts as an entry point to the EU Knowledge Base 
on Raw Materials, facilitating the availability of data and information in a coordinated 
manner. Priority is given to needs of EC policy. Linked to the RMIS, are currently policy-
related outputs such as the EU Raw Material System Analysis (MSA) (BIO by Deloitte, 
2015), EU Critical Raw Materials (CRM) assessment (EC, 2017b, 2014, 2011), EU Raw 
Materials Scoreboard (Vidal-Legaz et al., 2016), and others. 
Data collected for the EU CRM assessment provide a rich data base from which simplified 
raw material supply chains can be drawn and interconnections between raw materials 
(e.g., production in the same country or use in similar end-use sectors) can be 
identified. The EU criticality assessments collect, amongst others, data on the countries 
involved in mining, smelting and refining of raw materials and their share of global 
production (and recently also the EU-28 supply mix9). The analysis also involves an 
assessment of the product applications (goods) which rely on material inputs and the 
end-use sectors (NACE2 sectors10) in which materials are subsequently used. Data and 
information for the EU criticality assessment are collected every three years with existing 
data sets released in 2011 (EC, 2011), 2014 (EC, 2014), and 2017 (EC, 2017b). The 
next criticality exercise is foreseen to be carried out in 2020. 
Thus, the goal of this report is to explore possibilities for utilizing the already existing 
(and regularly collected) data and information from the EU criticality exercise for the 
visualization of simplified supply chains in the RMIS. For this, we firstly explore the use 
of network visualizations and analysis to systematically arrange and map the data as a 
graph, and discuss possibilities for implementing the resulting data sets in a web-based 
application in the RMIS. Secondly, options are explored to overlay different material 
supply chains to increasingly show interconnections among them and highlight important 
supply chain actors (e.g., countries or product applications) based on their level of graph 
                                           
9 Instead of considering the global production mix of raw materials, the goal is here to gradually 
move to an assessment of the supply of raw materials directly to the EU-28 using data on trade as 
well as domestic production and consumption figures. 
10 Used in the 2017 CRM assessment (Blengini et al., 2017a). In earlier assessments, mega-
sectors were used (Chapman et al., 2013). 
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connectivity. Data from the most recent CRM assessment (2017) are used to illustrate 
examples.   
 
1.2 EU Critical Raw Materials (CRM) Assessment (see also 
(Blengini et al., 2017b, 2017a)) 
The EU CRM assessment aims at estimating the EU’s supply risk and economic 
importance for a range of candidate materials. For this, the CRM assessments11 require 
data on a variety of flows related mostly to the early stages of a raw material’s life-cycle. 
The EU CRM methodology was developed between April 2009 and June 2010 with the 
support of the European Commission’s (EC) Ad-Hoc Working Group on Defining Critical 
Raw Materials (AHWG-CRM) within the RMI in close cooperation with EU Member States 
(MS) and stakeholders (EC, 2010a). The EC criticality methodology has already been 
used thrice; to create a list of 14 CRMs for the EU in 2011 (EC, 2011) and an updated 
list of 20 CRMs in 2014 (EC, 2014), and a more recent update using a slightly revised 
methodology (Blengini et al., 2017b, 2017a) which resulted in 27 CRMs. The current 
CRM methodology is briefly described below. 
The CRM assessment consists of an investigation of a material’s economic importance 
(EI) and supply risk (SR). For this, a variety of parameters are considered including, 
e.g., information on the global and EU supplier mix, import reliance (considering 
material imports, exports, and domestic production figures), substitution, and end-use 
shares12.  
 
Economic Importance (EI). The parameter on Economic Importance (EI) aims at 
providing insight on the importance of a material for the EU economy in terms of end-
use applications and the Value Added (VA) of corresponding EU manufacturing sectors at 
the NACE Rev.2 (2-digit level). The EI formula of the revised criticality methodology is as 
follows: 
   
𝑬𝑰 =  ∑ (𝑨𝒔
𝒔
∗  𝑸𝒔) ∗ 𝑺𝑰𝑬𝑰 
Where: 
‐ EI = economic importance 
‐ As = the share of end use of a raw material in a NACE Rev. 2 2-digit level sector; 
‐ Qs = the sector’s VA at the NACE Rev. 2 (2-digit level); 
‐ SIEI =  the substitution index of a RM related to economic importance 
‐ S denotes sector 
EI specific Substitution Index (SIEI) for a given candidate material is calculated using the 
Substitute Cost-Performance (SCP) parameters assigned to each substitute material 
multiplied by the sub-share of each substitute in a given application, and in turn to the 
share of the end-use application.  
 
𝑺𝑰𝑬𝑰 =∑(𝑺𝑪𝑷𝒊  ∗  𝑺𝒖𝒃­𝒔𝒉𝒂𝒓𝒆𝒊,𝒂  ∗  𝑺𝒉𝒂𝒓𝒆𝒂)
𝒊,𝒂
 
                                           
11 https://ec.europa.eu/growth/sectors/raw-materials/specific-interest/critical_en 
12 Details of the parameters considered in the EI and SR calculations are also given in the CRM 
Guidelines and Background reports.  
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Where: 
‐ i denotes an individual substitute material 
‐ a denotes an individual application of the candidate material 
‐ SCP = Substitute Cost Performance parameter;  
‐ Share = the share of the raw materials in an end-use application; 
‐ Sub-share = the sub-share of each substitute within each application;  
 
Supply Risk (SR). The parameter on SR reflects the risk of a disruption in the EU 
supply of the material. It is based on the concentration of primary supply from raw 
materials producing countries, considering their governance performance and trade 
aspects. Depending on the EU import reliance (IR), proportionally the two sets of the 
producing countries are taken into account - the global suppliers and the countries from 
which the EU is sourcing the raw materials. SR is measured at the ‘bottleneck’ stage of 
the material (extraction or processing) which presents the highest supply risks for the 
EU. Substitution and recycling are considered as risk reducing measures. 
 
The revised methodology uses the following SR formula: 
 
𝑺𝑹 = [(𝑯𝑯𝑰𝑾𝑮𝑰,𝒕)𝑮𝑺 ∙
𝑰𝑹
𝟐
+ (𝑯𝑯𝑰𝑾𝑮𝑰,𝒕)𝑬𝑼𝒔𝒐𝒖𝒓𝒄𝒊𝒏𝒈 (𝟏 −
𝑰𝑹
𝟐
)] ∙ (𝟏 − 𝑬𝒐𝑳𝑹𝑰𝑹) ∙ 𝑺𝑰𝑺𝑹 
Where: 
‐ SR = Supply Risk 
‐ GS = Global Supply, i.e. global suppliers countries mix 
‐ EUsourcing = actual sourcing of the supply to the EU, i.e. EU domestic production plus other 
countries importing to the EU 
‐ HHI = Herfindahl-Hirschman Index (used as a proxy for country concentration) 
‐ WGI = scaled World Governance Index (used as a proxy for country governance) 
‐ t = trade parameter adjusting  WGI 
‐ IR = Import Reliance 
‐ EOLRIR = End-of-Life Recycling Input Rate 
‐ SISR = Substitution Index related to supply risk 
I 
mport Reliance (IR) of a candidate material is calculated as follows: 
 
𝑰𝒎𝒑𝒐𝒓𝒕 𝑹𝒆𝒍𝒊𝒂𝒏𝒄𝒆 (𝑰𝑹)  =  
 𝑰𝒎𝒑𝒐𝒓𝒕 –  𝑬𝒙𝒑𝒐𝒓𝒕
𝑫𝒐𝒎𝒆𝒔𝒕𝒊𝒄 𝒑𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒐𝒏 +  𝑰𝒎𝒑𝒐𝒓𝒕 –  𝑬𝒙𝒑𝒐𝒓𝒕 
 
 
HHIWGI for Global Supplier country concentration and EU28 actual sourcing country 
concentration is adjusted by a trade parameter and calculated as follows:  
 
(HHIWGI,t)GS or EUsourcing= ∑ (𝑺𝒄)
𝟐𝑾𝑮𝑰𝒄𝒄  * tc 
 
where: 
‐ Sc = the share of country c in the global supply (or EU sourcing) of the raw material;  
‐ WGIc = the rescaled score in the World Governance Indicators of country c;  
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‐ Export restrictions types (source: OECD’s Inventory of Restrictions on Exports of Raw 
Materials) 
Variable t  is constructed as follows:  
 
tc = (ET-TAc or EQc or EPc or EUc) 
where:  
‐ tc = the trade-related variable of a country c for a candidate raw material (RM); 
‐ ET-TAc = parameter reflecting an export tax imposed (%) by a country c, eventually mitigated 
by trade agreement (TA) in force; 
‐ EQc = parameter reflecting an export physical quota imposed by a country c (physical units, 
e.g. tones); 
‐ EPc  = parameter reflecting an export prohibition introduced by a country c for a candidate 
RM;  
‐ EUc = EU countries parameter c for a candidate RM equals to 0.8. 
 
End-of-Life Recycling Input Rate (EOLRIR) is understood as ‘the ratio of recycling from old 
scrap to European demand of a candidate raw material (equal to primary and secondary 
material inputs)’ and can be based on the flows of the MSA study:  
  
𝑬𝑶𝑳 − 𝑹𝑰𝑹(𝒄𝒖𝒓𝒓𝒆𝒏𝒕) =
𝑮. 𝟏. 𝟏 (𝒄𝒖𝒓𝒓𝒆𝒏𝒕) + 𝑮. 𝟏. 𝟐 (𝒄𝒖𝒓𝒓𝒆𝒏𝒕)
𝑩. 𝟏. 𝟏 + 𝑩. 𝟏. 𝟐 + 𝑪. 𝟏. 𝟑 + 𝑫. 𝟏. 𝟑 + 𝑪. 𝟏. 𝟒 + 𝑮. 𝟏. 𝟏 (𝒄𝒖𝒓𝒓𝒆𝒏𝒕) + 𝑮. 𝟏. 𝟐 (𝒄𝒖𝒓𝒓𝒆𝒏𝒕)
 
 
SISR - specific Substitution Index (SISR) of a candidate material is calculated as a 
geometric average of the three parameters (SP, SCr and SCo) assigned to each 
substitute material, multiplied by the sub-share of each substitute in a given application, 
and to the share of the end-use: 
 
𝑺𝑰𝑺𝑹  =  ∑[(𝑺𝑷𝒊 ∗  𝑺𝑪𝒓𝒊 ∗  𝑺𝑪𝒐𝒊)
𝟏/𝟑
𝒊,𝒂
∗ 𝑺𝒖𝒃­𝒔𝒉𝒂𝒓𝒆𝒊,𝒂 ∗ 𝑺𝒉𝒂𝒓𝒆𝒂 ] 
Where: 
‐ i denotes an individual substitute material; 
‐ a denotes an individual application of the candidate material; 
‐ SP = Substitute Production reflects  global production of the substitute and the material as an 
indicator of whether sufficient amounts of substitute material are available;  
‐ SCr = Substitute Criticality  takes into account whether the substitute was  critical in the 
previous  EU list; 
‐ SCo = Substitute Co-production takes into account whether the substitute is primary product 
or mined as co-/by-product; 
‐ Share = the share of the candidate materials in an end-use application; 
‐ Sub-share = the sub-share of each substitute within each application;  
 
1.3 Supply Chain Mapping (see also (Nuss et al., 2016b, 2016a)) 
A supply chain can be considered as a complex system comprised of a set of activities, 
workers, technological and physical infrastructure, and policies related to the acquisition 
of raw materials and their subsequent conversion into finished and semi-finished 
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products (Hassan, 2006; Rouse, 2005). Data on (physical) supply chains are often 
difficult to obtain. At the level of companies, supply chains can be constructed based on 
information collected directly from the companies involved (Choi and Hong, 2002; Kim et 
al., 2011), or from online databases looking at specific industry sectors (e.g., the 
Marklines Automotive Information Platform used by (Kito et al., 2014) to investigate the 
Toyota automobile supply chain). At the level of economic sectors or countries, 
information from economic input output (EIO) models and trade data is increasingly 
used to look at the flow of commodities among different economic sectors at national 
(Bailey et al., 2004; Beylot and Villeneuve, 2015; Chen et al., 2016; Nakamura et al., 
2010; Nuss et al., 2016a; Ohno et al., 2016; Suh, 2011) and multiregional scales 
(Moran et al., 2015; Nansai et al., 2014), but such information is difficult to 
disaggregate to the level of companies or production sites involved. 
Although often depicted as a series of steps leading to the distribution of a final product, 
supply chains more closely resemble a network (consisting of nodes (supply chain 
actors) and relationships between them (e.g., the flow of material from one actor to 
another). In this study, we build simple supply chains only consisting of four different 
types of nodes, namely countries, materials, product applications, and economic sectors 
using the products and materials (as described in detail in later sections). 
 
1.4 Goal and Scope of this Report 
The criticality data sets compiled by the EC every three years provide a data collection 
on (1) the countries involved in producing (raw) materials (both primary and 
secondary 13) including production shares, (2) information on the subsequent use of 
materials in product applications (goods) including end-use shares, and (3) the further 
subsequent use of these products in economic sectors of the EU-28. These data and 
information are used in the calculation of supply risk and economic importance (see 
section 1.2 above), but their relationships have not yet been visualized as a graph. 
Rearranging the existing data into a simple graph (with nodes representing the 
countries, materials, product applications, and sectors, and edges (links) between them 
representing the production shares and material flows into products and sectors) allows 
the mapping of simplified supply chain networks for each material. In the context of 
policy making the use of network visualizations can help to communicate data sets and 
interrelationships as they are common in material supply chains to non-scientific 
audiences (EC, 2010b; Grainger et al., 2016). By doing so, the resulting data 
visualizations and analysis might be more easily communicated also to policy and 
decision makers.  
Furthermore, overlaying multiple material supply chains with each other can help to 
indicate interconnections between them. For example, single countries often produce 
multiple raw materials at once, product applications rely on different material inputs, and 
economic sectors subsequently make use of products that might consist of a number of 
inputs to ensure proper functioning. The visualization of data as a network therefore 
emphasizes these interconnections and helps moving beyond solely a material-centric 
view (taken in the EU CRM assessment) to provide complementary information about the 
criticality data collected also from the perspective of a country, a product, or a sector.  
                                           
13 Production statistics of refined materials (e.g., metal) refer usually to material recovered from 
both domestic and imported materials, whether primary or secondary. However, it is generally not 
possible to specify the fraction coming from secondary materials and this should be improved in 
the future to better visualize the distinction between primary and secondary materials in the 
supply chain viewer. 
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Finally, visualizing individual supply chains also provides a complementary entry point 
for RMIS to material, country, product application, and sector factsheets (profiles) 
involved in material supply chains.  
 
Data for the linkages between countries – materials – product applications - sectors 
come directly from the EC criticality assessment, and updates are therefore possible with 
each publication of EC list of critical raw materials. In the following section we outline the 
data sources, visualization approaches, and network metrics used in the present study. 
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2 Methodology 
2.1 Mapping of the CRM data 
The starting point for our analysis builds the data set provided by the 2017 EU CRM 
assessment (Blengini et al., 2017a; EC, 2017c, 2017d). The data set is rearranged into a 
simple graph with nodes (supply chain actors) representing the countries, materials, 
product applications, and sectors involved in materials supply and use. The edges 
(links) represent relationships between them, i.e., the production of materials by 
countries and the flow of materials between into product applications and subsequent 
economic sectors.  
For some supply chains (depending on data availability), materials are furthermore 
linked to materials, e.g., when bauxite is transformed into alumina which is subsequently 
itself used in the production of refined aluminium metal. 
 
𝑪𝒐𝒖𝒏𝒕𝒓𝒚 
𝑷𝒓𝒐𝒅𝒖𝒄𝒊𝒏𝒈
→        𝑴𝒂𝒕𝒆𝒓𝒊𝒂𝒍
𝑼𝒔𝒆𝒅 𝒊𝒏
→     𝑷𝒓𝒐𝒅𝒖𝒄𝒕 𝑨𝒑𝒑𝒍𝒊𝒄𝒂𝒕𝒊𝒐𝒏𝒔
𝑼𝒔𝒆𝒅 𝒊𝒏
→     𝑺𝒆𝒄𝒕𝒐𝒓 (𝑵𝑨𝑪𝑬 𝟐) 
 
2.1.1 Country Nodes and Edges  
Data on the countries involved in raw materials production and their production volumes 
generally come from geological surveys (BGS, 2014; USGS, 2015; Weber et al., 2011). 
Each country is represented as a node in the supply chain network. For country-
material edges, the edge weights represent the share of global material supply 
(primary and, if reported, also secondary materials production) in respect to the material 
to which the countries are linked to. From the perspective of a single material, the sum 
of country supply shares equals 100%. Note that countries can produce multiple 
materials and the shares reported always equal 100% from the perspective of a single 
material. 
In the 2017 CRM assessment, production data are only capture for a selected supply 
chain stage, i.e., either mining or smelting/refining based on determination of the supply 
chain bottleneck (Blengini et al., 2017a). For example, for cobalt the data refer to the 
mining stage but do not capture production of the refined material. In other cases, 
different supply chain stages are captured via individual entries in the CRM list of 
candidate materials (e.g., Bauxite and Aluminium, Phosphate rock and Phosphorus). For 
the supply chain viewer, data for the missing life-cycle stages for the following materials 
are manually added, based on World Mineral Production statistics 14  from the British 
Geological Survey (BGS, 2018)  using the average from 2010 to 2015, to complement 
the CRM data set.   
 
 
Table 1 Production steps added to the CRM data set in order to complete supply chains (data 
based on (BGS, 2018). 
Material Production stage Manually added (i.e., not 
collected in the 2017 CRM data 
Al Bauxite 
Alumina 
Primary Al 
 
X 
 
Co Mined production of Co 
Production of refined cobalt 
 
X 
                                           
14 http://www.bgs.ac.uk/mineralsUK/statistics/worldStatistics.html  
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Material Production stage Manually added (i.e., not 
collected in the 2017 CRM data 
Cu Mine production of Cu 
Smelter production of Cu 
Production of refined Cu 
 
X 
X 
Fe Production of iron ore 
Production of pig iron 
Production of crude steel 
 
X 
X 
Pb Mine production of Pb 
Production of refined Pb 
 
X 
Ni Mine production of Ni 
Smelter/refinery production of Ni 
X 
Sn Mine production of tin 
Smelter production of tin 
X 
Zn Mine production of Zn 
Production of slab Zn 
 
X 
 
Furthermore, the 2017 CRM assessment also provides estimates about the EU sourcing 
of raw materials. However, because this information is not available for each material, it 
was decided to only visualize the global production data. However, in the future this 
information could easily be integrated into the existing supply chain (data) structure 
proposed in this report. Annex 1 provides a table with all countries considered. 
 
2.1.2 Material Nodes and Edges  
The materials included in the analysis encompass all candidate materials of the 2017 
CRM assessment (i.e., non-energy and non-food materials within the scope of the EC 
Raw Materials Initiative) resulting in a final number of 74 individual supply chains15 that 
can be visualized. For this, ten materials are added as shown in Table 1 to complement 
the supply chains. Materials are shown as individual nodes in the network. They have 
incoming edges from countries “producing” a material and outgoing edges when 
materials are subsequently “used in” product applications. Annex 1 provides a table with 
all materials considered. 
For material-material edges, the edge weights illustrate the share of a material used 
in the production of another material. For example, lead contained in lead concentrate 
(material-type node) is fully (100%) used in the production of refined lead (material-
type node). On the other hand, only about 90% of bauxite are used in subsequent 
alumina and then refined aluminium production, while the remaining 10% of bauxite are 
directly used in downstream products such as refractories, abrasives, chemicals, etc. 
(EC, 2017d) Material-product application edges show the use of materials in 
downstream products determined in the EU critical raw materials assessment. A material 
might be used in multiple downstream product uses and the nodes are balanced so that 
inputs equal outputs. This allows a first approximation of the flows of materials going 
into different products (not considering possible losses). 
 
2.1.3 Product-Application Nodes and Edges 
The CRM data set provides estimates of the share of materials “used by” different 
product applications (e.g., 24% of aluminium is “used in” construction, 17% in 
packaging, etc. (EC, 2017d)) shown as linkages from materials to product applications. 
Product applications are shown as individual nodes in the network. Note that information 
                                           
15 While 75 candidate materials were included in the 2017 EU CRM assessment, 74 supply chains 
can be viewed because Bauxite and Aluminium were combined into a single supply chain (Table 1). 
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on the product applications is based on a variety of different data sources and a 
commonly agreed terminology of the product classes & types does not yet exist in the 
EU CRM assessment. For example, different terminologies for the same product 
application might exist, e.g., “medical equipment”, “medical and optical applications”, 
and “medical devices” all refer to ‘medical’ products. This can lead to inconsistencies in 
the analysis, especially when considering multiple supply chains and their possible 
interconnections, because similar product applications might not be merged into one 
node in the network if the terminology differs. Annex 1 provides a table with all product 
applications considered by the CRM assessment and small adjustments that were made 
in order to avoid some of these discrepancies. Developing a commonly agreed 
terminology (glossary) for the number of product applications remains a future task. 
The product application-sector edges, visualize the use of products in different 
NACE-2 economic sectors. Again, inputs and outputs to from the perspective of a 
product-type node are balanced (e.g., when overlaying multiple supply chains with each 
other similar product-sector linkages are added to each other and shown as a single 
edge. 
 
2.1.4 Economic Sector Nodes and Edges 
Economic sector nodes are considered in the economic importance calculation of the 
CRM assessment (based on the flow of materials through product applications into 
different NACE Rev. 2 (2-digit level) sectors and considering their Gross Value Added 
(GVA)) (Blengini et al., 2017a). Each sector is included as a separate node in the supply 
chain network. Incoming edges represent product applications “used in” sectors. Annex 
1 provides a table with all sectors considered and their names used. 
 
2.1.5 Visualization Examples 
Finally, Figure 1 provides a schematic illustration of the different linkages and edge 
weights considered. Because of the special role of country-type nodes (linked to 
material-type nodes with the shares always equalling 100% from the perspective of an 
individual material-type node, while other flows are balanced), these are shown at the 
bottom highlighted with a rectangle.     
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Figure 1 Schematic illustration of the connections and edge weights visualized in the 
supply chain viewer based on the 2017 EU CRM assessment. 
 
Material A is produced to equal shares by countries A and B. Country B also produces a 
small share (10%) of material B, which is furthermore produced to 70% by country C 
and 20 % by country D. Production by countries always equals 100% from the 
perspective of an individual material (i.e. material A or material B). 
Material A is used to 30% directly in product application 6 with the remaining 70% used 
in the production of material B. Material B then flows to 10% into product application B, 
40% in product application C, and 20% in product application D. Material inflows and 
outflows from/to a material are always balanced. However, note that the production 
shares of a material (shown with red edges (arrows) in Figure 1) provide additional 
information and should not be considered in the balancing of flows if multiple materials 
are present. 
Product applications A and B are then used in sector A, while product applications C and 
D find use in sector B. Again, inflows and outflows of product application nodes are 
balanced.  
We note that the units of the flow of materials might differ depending on how data are 
reported in the literature. For example, while for cobalt both mine and refined production 
are reported in cobalt content, the flow of bauxite (in the aluminium supply chain not 
shown below) is reported in kg of bauxite while the alumina and aluminium flows are 
reported in metal content. Future work could focus on further harmonizing the data sets 
to represent equal units, however, for the purpose of generating simple visualizations it 
was decided to simply use the existing CRM data set in this exercise.    
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2.2 Further Details of the 2017 EU Critical Raw Materials 
Assessment 
The analysis uses the 2017 EC criticality data set (Blengini et al., 2017a; EC, 2017c, 
2017d) to generate a network showing the material flows of 75 non-energy and non-
agricultural raw materials from countries to NACE-2 sectors. Note that the underlying 
data represent a mix of global (e.g., global supply mix of materials) and EU-specific 
(e.g., NACE-2 sectors and certain end-use shares) data. An additional 10 materials are 
manually added (Table 1) to complement supply chains and provide additional details.  
Data source: EC Criticality Assessment (provides data on the global sourcing mix by 
material, materials-to-applications linkages, and applications-to-NACE 2 sector linkages) 
(EC, 2017c, 2017d) . 
Geographic coverage: A mix of global and European data (EU perspective only 
partially accounted for in the 2014 criticality assessment, e.g., in end-use shares). 
Time coverage: Around 2008 for the 2010 criticality assessment (EC, 2010a), around 
2010 for the 2014 criticality assessment (EC, 2014), and around 2014 for the 
forthcoming 2017 criticality assessment (EC, 2017b). The next CRM assessment is 
foreseen in 2020. In this assessment, the results from the latest available CRM 
assessment (2017) are used. 
 
2.3 Network Metrics 
Because mapping the CRM data considers the linkages between countries, materials, 
product applications, and sectors, the resulting graphs can also be considered as 
networks and nodes assessed based on their connectivity. The methodology applied in 
this report to look at the connectivity of each node is network analysis (Nooy et al., 
2011; Scott, 2000; Wasserman, 1994). In this assessment, only degree centrality is 
considered to visualize the ”importance” (based on connectivity as described below) of 
nodes in the CRM-based supply chains. In future studies additional network metrics such 
as closeness, betweenness, or clustering could be considered. 
Degree centrality measures the number of direct ties to a node. In directed networks, 
it can be further divided into in-degree and out-degree centrality. In-degree centrality is 
simply a count of the number of ties directed to the node, while out-degree is the 
number of ties that the node directs to others. Degree centrality has, for example, been 
used to investigate the likelihood of infections spreading through networks (Christley et 
al., 2005).  
From the perspective of the CRM supply chains, countries with a large number of 
outgoing linkages (out-degree centrality) produce a larger variety of materials than 
countries with a smaller out-degree figure. This can indicate the importance of a country 
in the overall supply of materials. However, the absolute production quantity or reserves 
for individual materials are not considered with this estimate; a first approximation 
provides the edge strength which shows the flow magnitude from countries to a specific 
material. Increasing out-degree is visualized in the network with increasing node size 
(Figure 2). 
For materials, an increasing in-degree indicates that there are multiple supplier 
countries (a large diversity of suppliers of the material exists). On the other hand, 
increasing out-degree indicates that a material is used in multiple downstream uses 
(product applications). This highlights the overall importance of materials for 
downstream uses (i.e., materials with a high out-degree figure are relevant for the 
functioning of a large variety of downstream product applications and hence sectors). In 
the network, this “importance of materials for downstream uses” (a larger out-degree 
centrality) is indicated with increasing node size (Figure 2).  
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For product applications, the number of incoming links represents their reliance on 
multiple materials (“product complexity” or product dependency on different materials) 
while the number of outgoing links is always one as product applications are generally 
only linked to one single downstream sector. In this analysis, increasing product 
dependency on different raw materials (in-degree) is shown with increasing node size 
(Figure 2). 
Product applications are linked to economic sectors for which the number of incoming 
links (in-degree) indicates the sector’s dependency on different products and, hence, 
materials. Sectors that are dependent on a larger variety of products (and therefore 
materials embedded in them) can be seen as more vulnerable to supply disruptions of a 
single product or material upstream. Increasing product dependency of a sector (in-
degree) is shown with larger node size in the networks (Figure 2).  
 
Figure 2 Interpretation of degree centrality measures in the CRM supply chain networks. 
 
In general, nodes with a high degree centrality may be more likely to encounter a 
disruption simply because of their position and interconnectedness within the network. 
In addition, removing a node with high degree centrality will have implications on the 
wider network, while removing a node that is completely isolated (i.e., zero degree) has 
virtually no effect on the network. 
 
2.4 Supply Chain Viewer as Possible “Entry-Point” to RMIS 
Country and Material Profiles 
The supply chain viewer application in RMIS can provide an entry-point to underlying 
RMIS factsheets (profiles). At the moment, RMIS already includes country 16  and 
material 17  factsheets (profiles) which can be linked to the respective country and 
material nodes in the supply chain viewer. Factsheets (profiles) for individual products 
and sectors do not yet exist but might become of interest as more information at the 
level of individual product categories and economic sectors related to raw materials is 
included in the RMIS.  
                                           
16 http://rmis.jrc.ec.europa.eu/?page=country-profiles-379c60#/  
17 http://rmis.jrc.ec.europa.eu/?page=factsheets-2017-14c133  
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When a user clicks on a country or material of interest, the related material or country 
profile can provide additional information captured by the RMIS (Manfredi et al., 2017) 
(Figure 3).  
 
Figure 3 Supply chain nodes considered. 
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3 Results 
3.1 Individual Material Supply Chains 
Based on the 2017 CRM data set described above, individual supply chains for 74 
materials18 can be mapped out (Table 2).  
 
Table 2 Individual material supply chain maps derived from the 2017 CRM data set 
Aggregates Al Sb Baryte Bentonite Be 
Bi Borates Ce Cr Co Coaking Coal 
Cu Diatomite Dy Er Eu Feldspar 
Fluorspar Gd Ga Ge Au Gypsum 
Hf He Ho, Tm, Yb, Lu In Ir Fe 
Kaolin La Pb Limestone Li Magnesite 
Mg Mn Mo Natural Cork Natural Graphite Natural Rubber 
Natural Teak Wood Nd Ni Nb Pd Perlite 
P Rock P Pt Potash Pr Re 
Rh Ru Sm Sapele Wood Sc Se 
Silica sands Si Ag S Talc Ta 
Te Tb Sn Ti W V 
Y Zn     
 
For example, three material supply chains, including cobalt (Co), lead (Pb), and 
manganese (Mn) are randomly selected and visualized below (Figure 4 to Figure 6). Only 
the top-7 producing countries (global supply mix) are shown in the visualizations to keep 
the number of nodes manageable for the visualizations. Edges are coloured by the 
source node and the edge weight reflects (1) the production share of countries for a 
specific material and (2) the flow of a material into product applications and from 
product applications into economic sectors. 
 
                                           
18 While 75 candidate materials were included in the 2017 EU CRM assessment, 74 supply chains 
can be viewed because Bauxite and Aluminium were combined into a single supply chain (Table 1). 
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Figure 4 Cobalt (Co) supply chain showing the countries (only the top-7 global producing 
countries are shown), materials, product applications, and NACE-2 sectors involved according to 
the 2017 EU CRM assessment. See annex 1 for node abbreviations used.  
 
 
Cobalt concentrate (Co conc.) is produced mostly by the Democratic Republic of Congo 
(COD) and used solely in the production of refined cobalt (Co) (Figure 4). The major 
producers of refined cobalt include China (CHN) and Finland (FIN) (in the EU also 
Belgium (BEL) is a large producer of refined cobalt19). The majority of refined cobalt is 
subsequently used in the production of batteries (42%), superalloys (23%), carbides 
(10%), catalysts (7%), and other uses smaller than 7% (ceramics, magnets, tires, and 
other). For example, batteries are used by the electrical equipment sector while 
superalloys and carbides are both used by the fabricated metal products sector.   
 
                                           
19  Metal production statistics relate to metal recovered from both domestic and imported 
materials, whether primary or secondary, but exclude remelted material wherever possible (BGS, 
2018). 
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Figure 5 Lead (Pb) supply chain showing the countries (only the top-7 global producing countries 
are shown), materials, product applications, and NACE-2 sectors involved according to the 2017 
EU CRM assessment. See annex 1 for node abbreviations used. 
 
At global level, lead concentrate (Pb conc.) is supplied mostly by China (CHN) which also 
produces the largest share of refined lead (Pb) (Figure 5). Other important producers 
include Australia (AUS) for lead concentrate and the United States (USA) for both lead 
concentrate and refined lead. The majority of lead (87%) is used in the production of 
batteries20 subsequently used in the electrical equipment sector. Other important uses 
include pigments and rolled/extruded products.  
                                           
20 Note that not only refined lead metal but also lead oxide might find use in the production of 
batteries (and, e.g., pigments) and the production route starting from lead concentrate might be 
different. However, in order to minimize the number of manual adjustments, only the linkages 
captured in the existing data sets of the 2017 EU CRM assessment are visualized in the supply 
chain viewer. These data might be further refined in the future to show features specific for each 
material supply chain.  
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Figure 6 Manganese (Mn) supply chain showing the countries (only the top-7 global producing 
countries are shown), materials, product applications, and NACE-2 sectors involved according to 
the 2017 EU CRM assessment. See annex 1 for node abbreviations used. 
 
Finally, manganese (Mn) is produced by a large number of countries including China 
(CHN), South Africa (ZAF), Australia (AUS), and others (only the top-7 countries by 
production are shown) (Figure 7). Manganese is mostly used in steel products, e.g., for 
construction or automotive applications. Other important uses include steel tubes, alloys, 
and chemicals. Also, batteries represent a small use type of manganese. These find use 
in a number of downstream sectors such as fabricated metals manufacturing, motor 
vehicles manufacturing, basis metals manufacturing, or chemicals and chemical products 
manufacturing.   
 
3.2 Overlaying Multiple Supply Chains (Viewing Interconnections) 
The interconnections of raw material supply chains are frequently mentioned in policy 
making (Vidal-Legaz et al., 2016) but have been rarely visualized or quantified. Using 
the supply chains for cobalt, lead, and manganese shown above, we provide a 
“combined” supply chain in which the three networks are combined with each other 
(Figure 7).  
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Figure 7 Supply chain network resulting from a combination of the cobalt, lead, and 
manganese supply chains21. See annex 1 for node abbreviations used. 
 
 
The resulting network shows that, indeed, multiple interconnections between the three 
individual supply chains exist. For example, China (CHN) and Australia are important 
countries (indicated by increasing node size) 22  producing all three materials. Any 
restriction in the supply of the materials (e.g., due to export restrictions imposed) for 
these two countries could, therefore, significantly impact all three material supply 
chains23. Manganese finds the largest number of downstream uses of the three materials 
indicated by its node size24. Battery products25 rely on all three metals and are therefore 
                                           
21 Node size reflects degree centralities as described in Figure 2. 
22 For countries, the node size is based on the number of outgoing links (out-degree centrality) 
which is an indication of the number of raw materials provided to the economy. 
23 Given also the fact, at global scale, China produces 46% of all refined cobalt, 50% of lead 
concentrate, 43% of refined lead, and 29% of manganese.  
24 For materials, the node size is based on the number of outgoing links (out-degree centrality) 
which indicates increasing use diversity downstream. 
25 Given the data recorded in the EU CRM assessment, not further distinction is usually made 
between different types of batteries, e.g., lead-zinc batteries, or cobalt batteries. Such information 
could, however, manually be added to further refine the supply chains. The supply chain viewer 
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an important end-use product application26 for producers of the three materials. Finally, 
the fabricated metal products manufacturing sector relies on an input of seven products 
and is therefore the sector most dependent on products and raw materials again 
indicated by larger node size27 (Table 3). 
 
Table 3 Product applications (source) linked to the fabricated metal manufacturing 
sector (target). 
Source  Target Label Weight Unit 
Superalloys Fabricated metal products Used in 0.23 Percentage 
Carbides Fabricated metal products Used in 0.1 Percentage 
Ammunition Fabricated metal products Used in 0.014 Percentage 
Steel (Construction) Fabricated metal products Used in 0.25 Percentage 
Steel (Construction) Fabricated metal products Used in 0.11 Percentage 
Steel (Tubes) Fabricated metal products Used in 0.1 Percentage 
Metals Fabricated metal products Used in 0.1 Percentage 
Alloys Fabricated metal products Used in 0.06 Percentage 
 
A number of additional interlinkages between the three material supply chains can be 
seen from Figure 7. These can help to better communicate the fact that materials are 
interlinked at various stages of their supply chain and that certain countries, materials, 
products, and sectors might be of greater importance for a defined set of materials, 
simply because of their increased interlinkage in the network, or large share in 
contributing to material flows.  
 
3.3 Whole Supply Chain Network 
The widespread use of raw materials and key countries producing them are visualized in 
Figure 8 based on data from the 2017 EU CRM assessment (EC, 2017b, 2017b, 2017d). 
In this figure all countries, materials, end-use applications, and sectors involved in 
today’s raw material supply chains are shown as nodes and the relationships between 
them as links (edges) between the nodes. Network metrics including in-degree and out-
degree centrality are applied to visualize the interconnectedness of each supply chain 
actor (node) in the raw materials network. Increasing node size indicates more 
interconnected nodes (“key players”) in the production and use of raw materials 
captured by the Commission’s CRM data set.  The network is laid out using a force-
directed layout algorithm (Jacomy et al., 2014).   
 
 
 
 
 
 
                                                                                                                                   
provides a first possible way on how to arrange and map out the data (with additional levels of 
detail possible to include in the future). 
26 For product applications, the node size indicates the number of material required (in-degree) as 
an indicator of raw materials dependency. 
27 Sectors shown are NACE-2 sectors from the 2017 EU criticality assessment. Larger node size 
indicates reliance on an increasing number of product applications and therefore raw materials. 
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Figure 8 Visualization of the 2017 CRM data set showing the flow of materials from countries to 
materials to applications to NACE-2 sectors for 74 materials (data for ca. 2014)28. Edges are 
coloured by source node. Node size indicates the number of connections (see footnotes in the text 
below for a detailed explanation for each node type). 
 
 
Raw materials are at the origin of all value chains. As can be seen, key countries in the 
provision of different raw materials include the major mining countries such as China, 
Russia, Brazil, Canada, the USA, and Australia29 (red colored nodes). The node size is 
based on the number of outgoing links and reflects the fact that countries such as China 
produce a large number of different raw materials. Furthermore the width of the 
outgoing links reflects the share of production for individual raw materials. For example, 
it can be seen that Brazil contributes the bulk share of niobium production, China for 
various rare earth elements (e.g., Nd, Y) and a number of other materials, and the USA 
and Turkey for borates.  
                                           
28 The data are taken from (EC, 2017b, 2017b, 2017d). Networks are arranged using the Force-
Atlas 2 layout algorithm (Jacomy et al., 2014). 
29 For countries, the node size is based on the number of outgoing links (out-degree centrality) 
which is an indication of the number of raw materials provided to the economy. 
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Materials (green nodes) finding widespread use in the economy30 include, for example, 
crude steel (from Fe) and several alloying elements (e.g., manganese (Mn), vanadium 
(V), nickel (Ni), molybdenum (Mo), and cobalt (Co)), bulk materials (e.g., bauxite and 
copper (Cu)), rare earth elements, industrial minerals (e.g., limestone, talc, bentonite, 
and borates), and a variety of specialty metals (e.g., platinum (Pt), rhodium (Rh), silver 
(Ag), indium (In), and tantalum (Ta)).  
Materials are subsequently used in a large variety of product applications (blue nodes) 
such as chemical products, catalyst, alloys, metal products, batteries, magnets, lighting 
equipment, ceramics, glass, automotive parts, superalloys, and steels 31 , and 
downstream sectors (purple nodes) providing value added and jobs to the EU economy. 
For product applications, an increasing node size indicates dependency on multiple raw 
materials. Sectors (purple nodes) depending on a large variety of raw materials include, 
for instance, basic metals manufacturing, computer & electronics & optical products 
manufacturing, fabricated metal products manufacturing, chemical products 
manufacturing, non-metallic mineral products manufacturing, and others32 (Table 4). 
 
Table 4 List of NACE-2 sectors ordered by in-degree (i.e., the number of product applications 
linked to them as an indicator of products dependency). 
Identifier Type In-degree 
Basic metals Sector 22 
Fabricated metal products Sector 21 
Computer, electronic and optical products Sector 21 
Chemicals and chemical products Sector 20 
Non-metallic mineral products Sector 19 
Machinery and equipment Sector 18 
Electrical equipment Sector 13 
Other manufacturing Sector 11 
Motor vehicles, trailers and semi-trailers Sector 10 
Transport equipment Sector 10 
Rubber and plastic products Sector 6 
Pharmaceutical products Sector 5 
Beverages Sector 4 
Coke and refined petroleum products Sector 4 
Furniture Manuf. Sector 4 
Wood and bio-products Sector 3 
Mining support service activities Sector 2 
Food products Sector 2 
Paper and paper products Sector 1 
Repair and installation of machinery and equipment Sector 1 
Water collection, treatment and supply Sector 1 
 
3.4 View from Individual Nodes into the Whole Supply Chain 
Figure 8 presents a view to the whole CRM data set highlighting the interlinkages 
between different raw materials uses, but does not look at any material supply chain or 
sector individually. It also highlights the interlinkages between different raw materials 
uses. For example, the ‘Computer, electronic, and optical products’ sector (purple node 
in the top right hand side of Figure 7) relies on a large number of product applications 
                                           
30 For materials, the node size is based on the number of outgoing links (out-degree centrality) 
which indicates increasing use diversity downstream.  
31 For product applications, the node size indicates the number of material required (in-degree) as 
an indicator of raw materials dependency. 
32 Sectors shown are NACE-2 sectors from the 2017 EU criticality assessment. Larger node size 
indicates reliance on an increasing number of product applications and therefore raw materials.  
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and consequently raw materials to ensure proper functioning (e.g., batteries using Li, 
Co, graphite), flat panel displays using In, photovoltaics using In, Ag, and Te). The direct 
linkages to a specific sector (or any other node in the network) are visualized in Figure 
9. 
 
Figure 9 A zoom-in to the ‘Computer, electronic, and optical products’ sector of the 2017 CRM 
supply chain network. 
 
 
However, any of these raw materials and products are also used in other downstream 
industries (e.g., In is used not only in flat-panel displays (although this is the element’s 
largest use), but also in solders used in electrical applications or alloys and compound 
used in the metals industry (Figure 10).  
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Figure 10 Indium’s position in the raw materials production network (based on data 
from the 2017 EU Criticality study).33  
 
 
Analysis such as the one above can therefore also indicate potential competition between 
different industries for raw materials. As a result, the raw materials production processes 
and subsequently manufactured semi-finished and finished products are linked together 
via interdependent networks and should therefore not be considered in isolation. This is 
important for policymakers to keep in mind, as it highlights how small regulatory 
changes can have an impact far beyond the element or process that was being targeted. 
 
 
 
 
 
 
 
 
 
                                           
33 Edge size indicated the flow of indium between each supply chain actor (e.g., the majority of In is produced in China and 
its major end-use is in flat-panel displays). 
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4 Possible Implementation into the RMIS: Supply Chain 
Viewer 
In the future, the 2017 CRM data could be integrated as a supply chain viewer into the 
EU Raw Materials Information System (RMIS), e.g., under the “Raw Material Flows” 
module which also encompasses the materials flow analysis content (Figure 11).   
 
Figure 11 Possible location of the supply chain viewer in the RMIS 2.0. 
 
From there the user could access the supply chains by material, but also by choosing a 
relevant country, product application, or sector in order to allow for different viewpoints 
and explore the underlying network and its interconnections (see also section 2.4). The 
possible development from the IT side remains a task for the future. 
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5 Conclusion 
In this report, simple supply chain networks are constructed for the 75 candidate 
materials of the 2017 EU critical raw materials assessment by linking countries to 
materials to product applications to NACE-2 sectors. Network metrics including in-degree 
and out-degree centrality are applied to visualize the interconnectedness of each supply 
chain actor (node) in the raw materials network. The resulting data visualizations help to 
highlight key countries in the provision of the number of raw materials, capture 
materials finding widespread downstream uses, highlight important applications 
(products) relying on a large number of materials, captures sectors dependent on a large 
number of different metals for their functioning, and highlight the interconnectedness of 
raw materials supply chains in general. 
These simple visualizations of existing and regularly collected data (every three years for 
the EU criticality assessment) can help policy and decision makers to view 
interconnections in raw material supply chains (e.g., countries produce multiple 
materials, product application and economic sectors in the EU are dependent on a 
variety of raw material inputs, etc.) so that single materials are not viewed in isolation.  
Further modifications of the proposed data structure (countrymaterialsproduct 
applicationeconomic sector) are possible, e.g., by including additional levels of details 
(if more detailed information on additional product groups, intermediate products are 
available). 
Limitations of the approach include for example that the EU criticality dataset does not 
include information detailed enough to view single production facilities and host-
companion relationships (i.e., multiple metals produced from the same ores). These are 
important to obtain a better picture of supply chain complexity. Furthermore, the share 
of primary vs. secondary materials is not specifically shown in the supply chains but 
would be important from a recycling perspective. This could be increasingly incorporated 
by combining primary production data with information on the share of materials coming 
from secondary sources.  
The supply chains shown in this report do not view EU sourcing data but refer only to the 
global sourcing mix. However, the EU supply mix of raw materials is already being 
collected according to the 2017 criticality methodology and could be easily incorporated 
into the supply chain viewer in future updates.  
Future tasks also include the development of a commonly agreed terminology for 
products so that manual adjustments (see annex) are not necessary. 
Overall, the proposed approach and data visualizations provide various entry points into 
the supply chain of raw materials which included countries producing them and 
subsequent products and sectors relying on them. These are linked together via 
interdependent networks The supply chain viewer application can help to visualize this 
fact using data collected by the Commission every three years in the context of the EU 
criticality studies. 
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7 Annex 
7.1 Countries 
Table 5 Countries and country abbreviations visualized in the supply chain networks. 
Countries  Name of the Network Node 
Algeria DZA 
Albania ALB 
Andorra ADO 
Argentina ARG 
Armenia ARM 
Australia AUS 
Austria AUT 
Azerbaijan AZE 
Bahrain BHR 
Bangladesh BGD 
Belarus BLR 
Belgium BEL 
Belize BLZ 
Bolivia BOL 
Bosnia And Herzegovina BIH 
Botswana BWA 
Brazil BRA 
Brunei Darussalam BRN 
Bulgaria BGR 
Burkina Faso BFA 
Burundi BDI 
Cambodia KHM 
Cameroon CMR 
Canada CAN 
Central African Republic CAF 
Chile CHL 
China CHN 
Colombia COL 
Congo, Dem. Rep. ZAR 
Congo, Rep. COG 
Costa Rica CRI 
Côte D'Ivoire CIV 
Croatia HRV 
Cuba CUB 
Cyprus CYP 
Czech Republic CZE 
Denmark DNK 
Dominica DMA 
Dominican Republic DOM 
Ecuador ECU 
Egypt, Arab Rep. EGY 
El Salvador SLV 
Eritrea ERI 
Estonia EST 
Ethiopia ETH 
Fiji FJI 
Finland FIN 
France FRA 
French Guiana GUF 
Gabon GAB 
Georgia GEO 
Germany DEU 
Ghana GHA 
Greece GRC 
Guatemala GTM 
Guinea GIN 
Guyana GUY 
Honduras HND 
Hong Kong Sar, China HKG 
Hungary HUN 
Iceland ISL 
India IND 
Indonesia IDN 
Iran, Islamic Rep. IRN 
Iraq IRQ 
Ireland IRL 
Israel ISR 
Italy ITA 
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Countries  Name of the Network Node 
Jamaica JAM 
Japan JPN 
Jordan JOR 
Kazakhstan KAZ 
Kenya KEN 
Korea, Dem. Rep. PRK 
Korea, Rep. KOR 
Kosovo KSV 
Kuwait KWT 
Kyrgyz Republic KGZ 
Lao Pdr LAO 
Latvia LVA 
Lebanon LBN 
Liberia LBR 
Libya LBY 
Luxembourg LUX 
Macao Sar, China MAC 
Macedonia, Fyr MKD 
Madagascar MDG 
Malaysia MYS 
Mali MLI 
Mauritania MRT 
Mexico MEX 
Moldova MDA 
Mongolia MNG 
Montenegro MNE 
Morocco MAR 
Mozambique MOZ 
Myanmar MMR 
Namibia NAM 
Netherlands NLD 
New Caledonia NCL 
New Zealand NZL 
Niger NER 
Nigeria NGA 
Norway NOR 
Oman OMN 
Other EU OTH EU 
Other Eu Countries OTH EU 
Other Non Eu Countries OTH Non-EU 
Pakistan PAK 
Panama PAN 
Papua New Guinea PNG 
Paraguay PRY 
Peru PER 
Philippines PHL 
Poland POL 
Portugal PRT 
Qatar QAT 
Romania ROM 
Russian Federation RUS 
Rwanda RWA 
Saudi Arabia SAU 
Senegal SEN 
Serbia SRB 
Sierra Leone SLE 
Singapore SGP 
Slovakia SVK 
Slovenia SVN 
South Africa ZAF 
Spain ESP 
Sri Lanka LKA 
Sudan SDN 
Suriname SUR 
Sweden SWE 
Switzerland CHE 
Syrian Arab Republic SYR 
Taiwan, China TWN 
Tajikistan TJK 
Tanzania TZA 
Thailand THA 
Trinidad & Tobago TTO 
Tunisia TUN 
Turkey TUR 
Uganda UGA 
Ukraine UKR 
United Arab Emirates ARE 
United Kingdom GBR 
United States USA 
Uruguay URY 
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Countries  Name of the Network Node 
Uzbekistan UZB 
Venezuela, Rb VEN 
Vietnam VNM 
Zambia ZMB 
Zimbabwe ZWE 
 
7.2 Materials 
Table 6 Countries and country abbreviations visualized in the supply chain networks. 
Materials Nodes Name in the Supply Chain Network Supply considered for34 
Aggregates Aggregates Extraction 
Aluminium Al Processing 
Antimony Sb Processing 
Baryte Baryte Extraction 
Bauxite Bauxite Extraction 
Bentonite Bentonite Extraction 
Beryllium Be Extraction 
Bismuth Bi Processing 
Borates Borates Extraction 
Cerium Ce Extraction 
Chromium Cr Processing 
Cobalt Co Extraction 
Coaking Coal Coaking Coal Processing 
Copper Cu Extraction 
Diatomite Diatomite Extraction 
Dysprosium Dy Extraction 
Erbium Er Extraction 
Europium Eu Extraction 
Feldspar Feldspar Extraction 
Fluorspar Fluorspar Extraction 
Gadolinium Gd Extraction 
Gallium Ga Processing 
Germanium Ge Processing 
Gold Au Extraction 
Gypsum Gypsum Extraction 
Hafnium Hf Processing 
Helium He Processing 
Ho, Tm, Yb, Lu Ho, Tm, Yb, Lu Extraction 
Indium In Processing 
Iridium Ir Processing 
Iron Fe Extraction 
Kaolin Kaolin Extraction 
Lanthanum La Extraction 
Lead Pb Extraction 
Limestone Limestone Extraction 
Lithium Li Processing 
Magnesite Magnesite Extraction 
Magnesium Mg Processing 
Manganese Mn Extraction 
Molybdenum Mo Extraction 
Natural Cork Natural Cork Extraction 
Natural Graphite Natural Graphite Extraction 
Natural Rubber Natural Rubber Extraction 
Natural Teak Wood Natural Teak Wood Extraction 
Neodymium Nd Extraction 
Nickel Ni Processing 
Niobium Nb Processing 
Palladium Pd Processing 
Perlite Perlite Extraction 
Phosphate Rock P Rock Extraction 
Phosphorus P Processing 
Platinum Pt Processing 
Potash Potash Extraction 
Praseodymium Pr Extraction 
Rhenium Re Processing 
Rhodium Rh Processing 
Ruthenium Ru Processing 
Samarium Sm Extraction 
Sapele Wood Sapele Wood Extraction 
Scandium Sc Processing 
                                           
34 Stage refers to the life-cycle stage of the material that the criticality assessment was carried out 
on: extraction or processing. 
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Materials Nodes Name in the Supply Chain Network Supply considered for34 
Selenium Se Processing 
Silica sands Silica sands Extraction 
Silicon metal Si Processing 
Silver Ag Extraction 
Sulphur S Processing 
Talc Talc Extraction 
Tantalum Ta Extraction 
Tellurium Te Processing 
Terbium Tb Extraction 
Tin Sn Processing 
Titanium Ti Extraction 
Tungsten W Extraction 
Vanadium V Processing 
Yttrium Y Extraction 
Zinc Zn Extraction 
 
7.3 Product Applications (Goods) 
Table 7 Product applications (according to the CRM assessment) and the corresponding nodes 
shown in the supply chain networks. 
Product Applications Node Names in the Supply Chain Network 
Abrasives Abrasives 
Absorbents Absorbents 
Aeronautics and energy uses Aerospace 
Aerospace Aerospace 
Agricultural / biological products Agriculture 
Agriculture Agriculture 
Agriculture  Agriculture 
Alloys Alloys 
Alloys/compounds Alloys 
Al-Sc alloys Alloys 
Aluminium alloys Alloys 
Aluminium making and other metallurgy Al Making 
Analysis Analysis 
Autocatalyst Catalysts 
Autocatalysts Catalysts 
Autocatalysts  Catalysts 
Automotive Automotive 
Automotive disk break pads Automotive 
Balloons Balloons 
Base metal Base metals 
Base metals  Base metals 
Batteries Batteries 
Batteries (cathodes) Batteries 
Batteries and products containing batteries Batteries 
Battery chemicals Batteries 
Boats Boats 
Building construction products  Construction 
Building plaster  Construction 
Cable sheathing Cables 
Capacitors Capacitors 
Carbides Carbides 
Cast Iron for rigid structures Cast iron 
Casting Molds Casting molds 
Catalysts Catalysts 
Catalysts  Catalysts 
Catalysts and pigments Catalysts 
Catalysts in petroleum industry Catalysts 
Cement Cement 
Cement making Cement 
Cement production Cement 
Cement production  Cement 
Ceramics Ceramics 
Ceramics and Pigments Ceramics 
Chassis parts Chassis parts 
Chemical Chemicals 
Chemical  Chemicals 
Chemical applications Chemicals 
Chemical compounds Chemicals 
Chemical industry Chemicals 
Chemical manufacture Chemicals 
Chemical products Chemicals 
Chemical products, paints Paint 
Chemicals Chemicals 
Chemicals (excl. Fertilisers, wood preservatives and detergents) Chemicals 
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Product Applications Node Names in the Supply Chain Network 
CIGS solar cells PV 
Civil engineering  Civil Eng. 
Coatings, buttons, filaments Coatings 
Components and household  Household 
Concrete and bricks  Concrete and Bricks 
Construction Construction 
Construction and Soil  Construction 
Construction material Construction 
Consumer Durables Cons. Durables 
Container glass  Glass 
Controlled atmospheres  Controlled atmospheres 
Cosmetics Cosmetics 
Cryogenics Cryogenics 
Dental Dental 
Desulfurisation agent Desulfurisation agent 
Detergents Detergents 
Digital appliances Digital appliances 
Drilling fluids  Drilling fluids 
Electrical Electrical 
Electrical equipment Electrical 
Electrochemical Electrochemical 
Electrolytic refined copper Electrolytic Refined Cu 
Electronic and telecommunications equipments Electronics 
Electronic applications Electronics 
Electronic parts Electronics 
Electronics Electronics 
Energy application Energy 
Energy storage Energy storage 
Environmental protection (e.g. flue gas) Env. Prot. 
Feed production  Agriculture 
Fertiliser Fertiliser 
Fertilisers Fertiliser 
Fiber glass in leisure articles Fiber glass 
Filler in rubbers, plastics, paints & paper Fillers 
Fillers Fillers 
Fillers  Fillers 
Filter aid  Filter aids 
Filtration aids Filter aids 
Fireworks and detergents Fireworks 
Flame retardants Flame retardants 
Flat panel displays Flat panel displays 
Flight Aerospace 
Fluid Cracking Catalysts Catalysts 
Fluorochemicals Fluorochemicals 
Food additives Food 
Food and wine production  Food 
Foundry Foundry 
Foundry molding sands Foundry 
Friction products Friction  
Frits and Ceramics Frit Ceramics 
Furniture Furniture 
Fusible alloys (low-melting alloys) & other alloys Alloys 
Gaskets, expansion Gaskets 
General electronics Electronics 
General furniture General furniture 
Glass Glass 
Glass  Glass 
Glass (excl. insulation) Glass 
Glass (insulation) Glass 
Glass and ceramics Ceramics 
Glass making Glass 
Glass manufacture Glass 
Glass manufacturing Glass 
Glass&Ceramics Ceramics 
Graphite shapes Graphite 
Hand held objects  Hand held objects 
Hard materials (carbides and diamond tools) Carbides 
HF in alkylation process for oil refining HF (oil refining) 
High end furniture High end furniture 
High speed steels  applications Steels 
High strength parts High strength parts 
High Tech Engineering High-Tech Eng. 
Horticultural aggregate  Agriculture 
Household appliances Household 
HSLA HSLA 
Industrial components : Metal Metal 
Industrial components : Moulds Moulds 
Industrial Fluids Industrial Fluids 
Industrial machinery Machinery 
Infrared optics IR-Optics 
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Product Applications Node Names in the Supply Chain Network 
Insulation, building materials Insulation 
Integrated circuits Integrated Circuits 
Investment Investment 
Iron and steel  Steels 
Jewellery Investment 
Jewelry, recreative products Investment 
Lasers Lasers 
Lead alloys Alloys 
Lead-acid batteries Batteries 
Leak detection Leak detection 
Leisure Leisure 
Lighting Lighting 
Lighting and electronic uses Lighting 
Lubricants Lubricants 
Lubricating greases Lubricants 
Machinery Machinery 
Machinery and offshore Machinery 
Machinery parts Machinery 
Magnets Magnets 
Medical Medical 
Medical and optical applications Medical 
Medical equipment Medical 
Medicin Medical 
Medicine Medical 
Metal (excl. Batteries) Metal 
Metal (excl.Batteries) Metal 
Metal final products Metal 
Metal products Metal 
Metallurgical additives Metallurgical additives 
Metallurgy Metallury 
Metals Metal 
Mill and cutting tools Mill/Cutting Tools 
Mill products Mill/Cutting Tools 
Mineral fertilizer Fertiliser 
Mining and construction tools Mining/Construction 
Mix compounds Other 
Mobility (Transport and Automotive) Automotive 
Mostly part of steel frames Steels 
MRI MRI 
Non-metal applications Non-Metal 
Non-steel alloys Alloys 
Optical applications Optical 
Optical fibres Optical 
Optics Optical 
Other Other 
Other applications Other 
Other base metal and alloys Alloys 
Other metal products Metal 
Other transport equipment Transportation 
Other uses Other 
Other wear tools Other 
Others Other 
Oxides Oxides 
Oxides and dopants Oxides 
Packaging Packaging 
Paint Paint 
Paint, coating, adhesives Paint 
Paints Paint 
Paints, oxides, photograph Paint 
Paper Paper 
Paper  Paper 
Paper industry Paper 
Parts like bearings Bearings 
Pelletizing of iron ore  Fe Pelletizing 
Pencils Pencils 
Pet litter  Pet litter 
Petroleum Petroleum 
Pharmaceutical products Pharmaceutical 
Pharmacy Pharmaceutical 
Pigments Pigments 
Pigments and other compounds Pigments 
Plasterboard and Wallboard Plasterboard/Wallboard 
Plastics Plastics 
Plastics (catalysts and stabilisers) Plastics 
Plastics and rubber Plastics 
Plates Plates 
Polishing powders Polishing powders 
Polymers Polymers 
Pottery, glas and ceramics Glass 
Pressurisation and purging  Pressurisation and purging  
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Product Applications Node Names in the Supply Chain Network 
Products made of Alloy Steel Steels 
Products made of aluminium alloys Alloys 
Products made of chromium chemicals  Chromium Chemicals 
Products made of Stainless Steel Stainless steels 
PV cells PV 
Recarburising Recarburising 
Refining to alumina Alumina production 
Refractories Refractories 
Refractories for foundries Refractories 
Refractories for steelmaking Refractories 
Refractory bricks and mortars Refractories 
Refrigeration and air conditioning  Refrigeration 
Rolled and extruded products Rolled/extruded products 
Rubber and plastics production Rubber 
Rubber products Rubber 
Rubber vulcanising Rubber 
Satellite solar cells PV 
Semiconductors & LEDs Semiconductors & LEDs 
Semiconductors, optic fibres Semconductors 
Ships, trucks and armored vehicles Transportation 
Shot/Ammunition Ammunition 
Soil stabilisation and mortars Soil stabilisation 
Solar applications PV 
Solar power PV 
Solders Solders 
Solid fluoropolymers for cookware coating and cable insulation Fluoropolymers 
Solid Oxide Fuel Cells (SOFC's) SOFCs 
Special steel Steels 
Specialties  Specialties 
Sport equipment Sports equipment 
Sportswear Sports equipment 
Sputtering targets Sputtering targets 
Stainless steel Stainless steels 
Steel (automotive) Steel (Automotive) 
Steel (construction) Steel (Construction) 
Steel (domestic appliances) Steel (Domestic appliances) 
Steel (mechanical engineering) Steel (Mech. Eng.) 
Steel (metalware) Metals 
Steel (pipeline) Pipeline 
Steel (structural steelworks) Steel (Construction) 
Steel (structural) Steel (Construction) 
Steel (tubes) Steel (Tubes) 
Steel and iron making Steels 
Steel casting Casting 
Steel in Automotive Steel (Automotive) 
Steel in Construction  Steel (Construction) 
Steel in Domestic appliances  Domestic Appliances 
Steel in Mechanical engineering  Steel (Mech. Eng.) 
Steel in Metalware Metals 
Steel in Other transport Steel (Transport) 
Steel in Tubes Steel (Tubes) 
Steel making Steels 
Subparts of interior Subparts of interior 
Super alloys for high-end uses Superalloys 
Superalloys Superalloys 
Superalloys, hardfacing/HSS and other alloys Superalloys 
Synthetic detergents Detergents 
Thermal interface material Thermal-Interf. 
Thermo-electric devices Thermo-Electr. 
Tinplate Tinplate 
Transport and Defense : Aerospace components Defense 
Transport and Defense : Auto components Defense 
Transport and Defense : Vehicle electronics Defense 
Transportation Transportation 
Tubes, plates, wire Tubes 
Tyre adhesives and paint dryers Tire 
UF6 in nuclear uranium fuel UF6 
Various Other 
Weighting agent in oil and gas well drilling fluids or “muds” Oil and Gas 
Welding  Welding 
Wine corks Wine corks 
Wine&Spirits (tin capsules) Wines 
Wood preservatives Wood preservatives 
Yachts, sailing boats Boats 
Zinc alloys Alloys 
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7.4 Economic Sectors (NACE-2) 
Table 8 Countries and country abbreviations visualized in the supply chain networks. 
Sectors Node Names in the Networks 
C23 - Manufacture of other non-metallic mineral products Non-metallic mineral products 
C29 - Manufacture of motor vehicles, trailers and semi-trailers Motor vehicles, trailers and semi-trailers 
C30 - Manufacture of other transport equipment Transport equipment 
C25 - Manufacture of fabricated metal products, except machinery and equipment Fabricated metal products 
C28 - Manufacture of machinery and equipment n.e.c. Machinery and equipment 
C20 - Manufacture of chemicals and chemical products Chemicals and chemical products 
C27 - Manufacture of electrical equipment Electrical equipment 
C22 - Manufacture of rubber and plastic products Rubber and plastic products 
C24 - Manufacture of basic metals Basic metals 
B09 - Mining support service activities Mining support service activities 
C17 - Manufacture of paper and paper products Paper and paper products 
C11 - Manufacture of beverages Beverages 
C10 - Manufacture of food products Food products 
C26 - Manufacture of computer, electronic and optical products Computer, electronic and optical products 
C32 - Other manufacturing Other manufacturing 
C16 - Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of 
straw and plaiting materials 
Wood and bio-products 
C19 - Manufacture of coke and refined petroleum products Coke and refined petroleum products 
C31 - Manufacture of furniture Furniture 
C21 - Manufacture of basic pharmaceutical products and pharmaceutical preparations Pharmaceutical products 
C33 - Repair and installation of machinery and equipment Repair and installation of machinery and 
equipment 
E36 - Water collection, treatment and supply Water collection, treatment and supply 
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List of abbreviations and definitions 
 
CRM:   Critical Raw Materials 
EC:  European Commission 
EU:  European Union 
ESTAT: Eurostat 
EURMKB: European Raw Materials Knowledge Base (EURMKB) 
GVA:  Gross Value Added 
NACE:  Statistical classification of economic activities in the European Community 
RMIS:  EU Raw Materials Information System 
SIP:   Strategic Implementation Plan 
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